Introduction {#sec1-1}
============

Renal Ewing sarcoma (ES) is a rare small round blue cell tumor (SRBCT), which predominantly affects adolescents and young adults.\[[@ref1]\] Cytogenetically, renal ESs commonly harbor characteristic chromosomal translocations, more than 90% of which are reciprocal translocation t (11;22) (q24;q12), resulting in an *EWSR1/FLI1* fusion transcript.\[[@ref1][@ref2]\] We here report a case of renal ES with a t (11;22) (q24;q12) chromosome translocation encoding an *EWSR1/FLI1* fusion transcript. The tumor cells in both histological and cytological specimens showed diffuse and strong nuclear immunoreactivity for NKX2.2, an oncogenic transcriptional target of *EWSR1/FLI1*, which may be a useful immunocytochemical marker for renal ES harboring *EWSR1/FLI1* fusion transcript.

Case Report {#sec1-2}
===========

A 35-year-old male presented with a 2-week history of abdominal pain and hematuria. Computed tomography revealed a large mass (15.5 cm × 13.5 cm × 10 cm) replacing the right kidney and expanding into the right inferior vena cava, as well as a small metastatic nodule in the right lung. A needle biopsy of the renal mass showed mixture of sheets and Homer-Wright rosettes composed of small round cells \[[Figure 1a](#F1){ref-type="fig"}\]. PAS staining demonstrated the presence of variable amounts of diastase-digestible glycogen. Immunohistochemistry revealed that the tumor cells showed diffuse membranous and cytoplasmic expression of CD99 \[[Figure 1b](#F1){ref-type="fig"}\], and diffuse nuclear NKX2.2 expression with strong intensity \[[Figure 1c](#F1){ref-type="fig"}\]. We interpreted the tumor as renal ES and the patient underwent curative resection of both of the primary and the metastatic lesion. Papanicolaou staining of touch imprint smears of the lesion showed a well dispersed uniform population of small round cells \[[Figure 1d](#F1){ref-type="fig"}\]. The tumor cells had vesicular and clear cytoplasm of which rim was distinct. The nuclei were round to oval, with irregular borders, coarsely granular chromatin and inconspicuous nucleoli. Mitotic figures and apoptotic figures were frequently found. Rosette formation was rarely observed. In immunocytochemistry, the tumor cells showed diffuse cytoplasmic expression of CD99 \[[Figure 1e](#F1){ref-type="fig"}\]; diffuse nuclear expression of NKX2.2 with strong intensity \[[Figure 1f](#F1){ref-type="fig"}\]. Fluorescence *in situ* hybridization (FISH) was performed using probes made from BAC clone; RP11-945M21 for *EWSR1* and RP11-75P14 for *FLI1*. Probe DNA was labeled by nick translation kit using: SpectrumOrange (Abott) for *EWSR1* and SpectrumGreen (Abott) for *FLI1*. The touch imprint specimen revealed the presence of t (11;22) (q24;q12) translocation \[[Figure 2a](#F2){ref-type="fig"}\]. Reverse transcription polymerase chain reaction (RT-PCR) using the removed tumor specimen could amplify the fusion transcript \[[Figure 2b](#F2){ref-type="fig"}\], following sequence analysis revealed type 2 *EWSR1/FLI1* fusion that involved *EWSR1* exon 7 fused to *FLI1* exon 5 \[[Figure 2c](#F2){ref-type="fig"}\]. Nevertheless of six cycles of intensive chemotherapy, including cyclophosphamide, vincristine, doxorubicin, the tumor relapsed, and the patient died of the disease 27 months after the operation.

![Renal Ewing sarcoma with *EWSR1/FLI1* fusion. (a) Lobar architecture with Homer-Wright rosettes (H and E). (b) Immunohistochemistry with anti-CD99 (Leica, NCL-CD99). (c) Immunohistochemistry with anti-NKX2.2 (Sigma, A71669). (d) Touch imprint smear. Tumor cells have round to oval nuclei with coarsely granular chromatin (Pap). (e) The tumor cells show cytoplasmic expression of CD99. (f) The tumor cells show strong and diffuse nuclear expression of NKX2.2](JCytol-32-30-g001){#F1}

![(a) Fluorescence *in situ* hybridization using dual-color probe for *EWSR1* region (orange) and *FLI1* region (green). A tumor cell of touch imprint smear showing one fused, one red and one green signal pattern. (b) Polyacrylamide gel electrophoresis of Reverse transcription polymerase chain reaction (RT-PCR) products. The present case showing a 166 bp band of type2 *EWSR1/FLI1* fusion (lane 1). (Lane M: DNA marker, lane 2: Negative control, lane 3: Fusion transcripts of a skeletal Ewing sarcoma, a 130 bp band of type 1 *EWSR1/FLI1* fusion), (c) Sequence analysis of the RT-PCR product of the present case. *EWSR1* exon 7 fused to *FLI1* exon 5](JCytol-32-30-g002){#F2}

Discussion {#sec1-3}
==========

Renal ESs commonly show an adverse prognosis as the present case. Cases of local recurrence and metastasis have been shown to comprise more than 50% of the clinical presentations.\[[@ref1]\] In a recent review of 25 cases, the mean patient survival was approximately 10 months.\[[@ref2]\] Therefore, accurate and reliable preoperative procedures, such as fine-needle aspiration cytology (FNAC), are necessary to facilitate timely treatment. However, it can be difficult to distinguish renal ES from other SRBCTs desmoplastic small cell round tumor, synovial sarcoma, and malignant lymphoma, by FNAC because these tumors, such as Wilms tumor, neuroblastoma, small cell neuroendocrine tumor, often show overlapping cytomorphologic features.\[[@ref2][@ref3]\] Therefore, the cytodiagnosis requires confirmation by other ancillary approaches, including immunocytochemistry and/or genetic analyses, such as FISH and/or RT-PCR, as our present case.\[[@ref3]\] However, these genetic analyses are not always suitable for screening because they are costly and laborious, and the amount of applicable RNA from cytological specimen is very little. Therefore, conventional immunocytochemistry with reliable markers will help to confirm the preoperative cytodiagnosis.\[[@ref4]\]

CD99 is frequently applied as an immunohistochemical marker for the diagnosis of ES.\[[@ref1][@ref2][@ref3][@ref4]\] However, CD99 expression has been found in a wide variety of renal non-ES SRBCTs, such as Wilms tumor, small cell neuroendocrine tumor, and synovial sarcoma.\[[@ref5]\] Therefore, CD99 cannot be applied as an independent diagnostic marker for ES, even though its expression, as well as that of NKX2.2, is regulated by *EWSR1/FLI1* in ES.\[[@ref6]\] Meanwhile, FLI1 also might be a sensitive immunohistochemical marker for ES; however, it could not be used as the sole diagnostic marker, because FLI1 expression also has been reported in various non-ES SRBCTs, such as lymphoblastic lymphomas, Burkitt lymphomas, and synovial sarcomas, and its specificity for the ES is lower than that of CD99.\[[@ref7]\]

Recently, NKX2.2 has been identified as a target of *EWSR1/FLI1* and upregulated in ESs.\[[@ref6]\] NKX2.2 functions as transcriptional repressors through the recruitment of corepressors, such as histone deacetylase, and play important roles in the oncogenesis of ES.\[[@ref6]\] A recent immunohistochemical study of peripheral SRBCTs has shown that NKX2.2 is a valuable immunohistochemical marker for peripheral ES, with a sensitivity of 93% and a specificity of 89%, and that the reactivity was commonly diffuse with moderate or strong intensity.\[[@ref8]\] Moreover, Sibuya *et al*. recently evaluated the usefulness of immunohistochemical expression of NKX2.2 for the differential diagnosis between ESs and non-ES SRBCTs, and showed its sensitivity and specificity were 80 and 84%, respectively, and the specificity got higher (98%) when CD99 and NKX2.2 were combined.\[[@ref4]\] Although NKX2.2 can be positive in small number of non-ES SRCBTs, including a minor subset of small cell carcinomas, synovial sarcomas, and malignant melanomas,\[[@ref8]\] these data suggest that NKX2.2 may be a potential diagnostic marker of ES, as is the case for TLE1 in synovial sarcoma, a transcription factor, which is activated by the SYT/SSX fusion protein, of which efficiency were proofed in recent immunohistochemical studies.\[[@ref9][@ref10]\]

In the present study, the ES cells harboring *EWSR1/FLI1* fusion showed diffuse nuclear expression of NKX2.2 with strong intensity. Although, the final confirmation of ES does include the demonstration of the translocation by molecular methods, immunostaining of cytological specimens with the combination of anti-CD99 and anti-NKX2.2 may be useful to distinguish renal ES from other SRBCTs of kidney.
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